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INTRODUCTION 

Reduction of alkyl and arylmercuric salts can occur by 
one electron or two- electron transfer process as shown in 
Scheme I. The source of electrons may be a cathode, a metal, 
or another reducing agent. 

SCHEME I 

... Cl) 

... ( 2 ) 

1 

Kraus demonstrated in 1913 that many alkyl mercuric 
halides can be reduced electrolytically. Me thylmer curie 
chloride in liquid ammonia, for instance gives a dark, spongy, 
precipitate at the cathode. The exact nature of this precipi- 
tate which is a good electrical conductor remains in question 
today. It is perhaps best described as (CH^Hg*)^ Warmed to 
about room temperature, this material gives mercury and dimethyl- 
mercury in an exothermic reaction (Eqn. 3) : 

(CH 3 Hg*) n | CH 3 HgCH 3 + | Hg° ... (3) 


R-Hg-X + e 


R-Hg-X + 2 e 


R-Hg* + X" 


R-Hg - + X" 



2 


Related polarographic studies have been carried out by 
2 

Benesch « Benesch , on a number of alkylmercuric salts. The 
evidence supports the reaction shown in Scheme II, 

SCHEME II 


R-Hg-X + e 

> 

R-Hg* + oe~ 

.. (4) 

2R-Hg* 

> 

R-Hg-R + Hg° 

.. X5) 

R-Hg* + H + + e" • 

> 

RH + Hg° 

.. (6) 


where the path taken by R-Hg* depends upon its concentration, 
the applied potential and the acid concentration. 

Electropositive metals react with organomercurials by an 

oxidation-reduction process. The reduction usually proceeds to 

the di alkyl mercury compound and then more slowly to give the 

metal alkyl and more free mercury. The electropositive metals 

3 4 5-7 8 

most commonly employed are sodium, 1 copper, zinc, 

9 10 

magnesium, and cadmium, copper and silver amalgams. 

11-13 

Sodium stannite has been widely used as a reducing 

agent for mercurials and it gives excellent yield of products. 

The dialkyl compounds are generally stable to further reduction 

14 

or they are reduced slowly. Traylor & Winstein have examined the 
stereochemical course of the sodium stannite symmetrization of 
several alkylmercuric halides. The evidence obtained by them 
leads to the mechanism shown in Scheme III. 
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SCHEME III 


RHgBr + Sn0 2 


^ RHgBr: Sn0 2 


RHg* + BrSn0 2 


R* 

R 2 HgBr 
2RHg* - 





.. (7) 

RHg* - 

> R* + Hg° 


.. (8) 

+ RHgBr 

7 " [ E 2 H 9 Br 

« 

.. (9) 


l (I) J 



+ Sn0 2 = 

^ R 2 Hg + BrSn0 2 

.. (10) 


Hg + 

RHgHgR > R — Hg~ — R — > R-Hg-R + Hg° 


. . ( 11 ) 


The structure of the intermediate (l) has been postulated as a 
resonance hybrid/ 

R.Hg-R(-Br) 4— > R-Hg-R (*Br) R-Hg.R(-Br) 

The mechanism of reduction by stannite in Scheme III 
could be accompanied by a substantial amount of a two-electron 
transfer reaction/ 

Sn(ll) + RHgBr > RHg” + Sn(lV) .. (12) 

and still show the observed effects. 

Gilman and Wright 15 were the first to note the formation 
of diorganomer curi al s on treatment of an org an omer curie halide 
with hydrazine (Eqn. 13) : 

N 0 H. 

• R 2 Hg + Hg° 


2 RHgX 


(13) 
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Subsequently, it has been established that prolonged 
treatment causes further reduction with concurrent formation 
of hydrocarbon and olefinic products. This important work 
also established that treatment of a single diastereomer of 
2-methoxycyclohexylmercuric chloride with hydrazine gives rise 
to a mixture of diastereomeric dialkyl mercury products (Eqn.14) 


^y^ 0CR 3 

N _H 

2 4 


' - H gCl 

OH", A 


‘S’v or trans 




(14) 


Racemization and formation of diorganomercurial from 
2-methoxycyclohexylmercuric halide (reduction by magnesium, 
which is believed to be a two- electron transfer, yields only 
olefin) are considered indications of a one-electron transfer 
reaction for hydrazine. However, hydrazine alone reduces alkyl- 
mercuric halides very slowly, whereas the reaction proceeds 
rapidly in the presence of alkali, suggesting an (at least 
partially) ionic mechanisms. To account for these observations 
the mechanism given in Scheme IV has been postulated. 


SCHEME IV 

RHgBr + H 2 HNH 2 — -gse > RHg-NHNH 2 
RHgBr + RHgNHNH 2 — RHg-NH-NH-HgR 


.. (15) 

. . ( 16 ) 
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RHg-NH-NH- HgR ^ 2 RHg* + HN=NH 

HN=NH + 2 RHgBr 2 RHg* + N 2 + 2 HBr 

2 RHg* — > RHg- HgR > RHgR + Hg° 

RHg* > r* + Hg° 


R* + RHgBr 



reduction 


R 2 Hg + Br" 


(17) 

(18) 

(19) 

( 20 ) 

( 21 ) 


Here, the function of base is to form RHg-NHNH 2 or 
RHg-NHNH-HgR, followed by homolytic cleavage to form RHg* and 
diimide. 


■ • 17 

Wmstein and Traylor demonstrated that lithium aluminium 

hydride reduces alkyl and aryl mercuric halides to the hydro- 
18 

carbon. Traylor postulated that an intermediate organoalu- 
minium compound is formed in these reactions, which on hydro- 
lysis yields the hydrocarbon. 



HgCl + LiAlH 4 




>^ + H 2 +Hg° 


( 22 ) 


LiAl (C 6 H 5 ) 4 + H 2 0 


-> 



. (23) 


Free radical intermediates have also been proposed in 
the reaction of alkylmercuric halides with LAH 19 (Eqn. 24) : 



6 




. . (24) 


Recently Russel and coworkers have demonstrated that 

alkylmer curie halides participate in the S^i reaction with 

20 

nitronate anions in Me 2 S0 or DMF (Scheme V) : 


SCHEME V 


RHgX + (R*) 2 C=N0 2 “ - 

> 

J^RHgXj” + (R') 2 C=N0* 

.. (25) 

J~RHgxJ“ 


R* + Hg° + X~ 

.. (26) 

R* + (R') 7 C=N0 2 - 


RC(R') 2 N0*“ 

.. (27) 

RC(R') 2 N0 2 *“ + RHgX 

> 

RC (R ' ) 2 N0 2 + j~RHgXj " 

.. (28) 


This reaction is inhibited by di-tert- butyl nitroxide 
(a known radical scavenger) and was catalysed by light. Vinyl- 
mercurials fail to participate in a chain reaction with nitronate 

anions. However, vinyl mercurials do give a radical chain 

21 — — _ 
substitution reactions with anions such as Y = RS , RSO^ , 

(RO) 2 p 0 - , or R0P(R')0~. According to Russel these reactions 
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involve an addition elimination mechanism: 


R'CH=CHHgX + Y* 


H 

• I 

R * CH-C-Y R ' CH=CHY + * HgX 


. . (29) 


The chain is apparently propagated by reaction of HgX 
such as: 

HgSR > Hg° + RS* .. (30) 

HgCl + Y" ^ Hg° + Cl"* 4- Y* .. (31) 


Vinylmercurials also undergo free radical chain substi- 
tution with RSSR, PhSeSePh, PhTeTePh or PhS0 2 Cl. In these 
22 

cases the addition elimination reaction is followed by 
propagation steps such as: 

HgX + Y-Y > XHgY + Y * , Y=RS, PhSe, PhTe 

HgX + Y-Cl > XHgCl + Y~, Y=PhS0 2 . 

All these reactions are photo stimulated and are inhibited 
by radical scavengers. 

Radical anions derived from aromatic hydrocarbons by the 

reaction with alkali metals serve as excellent sources of 

electrons in many well studied electron transfer reactions. ^ 

Of all the aromatic hydrocarbon radical anions the naphthalene 

25 28 

radical anion has been studied best. 
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The most common role of the naphthalene radical-anion 

* 

(Naph ) i.e., as an electron transferring agent, is illustrated 
in Scheme VI where RX is assumed to be an electron acceptor 
with X as a leaving group and R as an aliphatic or aromatic 
group. 

SCHEME VI 


R-X + 



* M + IQ 


RH <^- 


THF 


R: 


Naph~ 


* 

R* + If 


The reduction of the initially formed radical to the 
corresponding carbanion has been confirmed by trapping the 

OQ O d 

latter in the form of the Grignard reagent using MgBr 2 . ~ 

In view of the known electron accepting characteristic of 
alkyl and arylmercuric halides and the known electron donating 
nature of the naphthalene radical-anion, it was considered 
worthwhile to examine the reduction and symmetrization of a few 
alkyl and aryl mercuric halides with sodium naphthalene, with a 
view to determine the reaction pathway involved. 



EXPERIMENTAL 


All melting points were recorded on a Mel- Temp melting 
point apparatus and are uncorrected. Silica gel (Acme's) was 
used for thin layer chromatography (TLC) and silica gel 
(Acme's) of 100-200 mesh was used for all chromatographic 
separations. The GLC analyses were carried out on chromato- 
graphy and Instrument Company, Baroda, Chromatography model 
AC1-FI using 15% SE-30 on Cromp-P (100-120M) column Of 2 m 
length. 

Tetrahydrofuran was purified by keeping it over potassium 
hydroxide pellets overnight, refluxing over sodium wire for 
5-6 hours and distilling over sodium. It was stored in contact 
with freshly drawn sodium wire. Reagent grade naphthalene 
(BDH) was recrystallized from ethanol. Benzyl and phenyl- 
mercuric chlorides were prepared by the reaction of mercuric 
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i 

chloride with the respective magnesium chlorides. Authentic 
samples of benzene (BDH) and toluene (BDH) were used after 
distillation. 

2 

Preparation of Sodium Naphthalene 

In a three necked flask mounted on a magnetic stirring 
base, fitted with a device to pass pure and dry nitrogen, a 
dropping funnel and connected to a mercury trap, naphthalene 
(l.28 g, 0.01 mol) dissolved in dry THF (50 ml) was taken. The 
contents of the flask were 20°C. Magnetic stirring was started 
and dry nitrogen gas was passed through the solution for 
30 minutes. Sodium metal (0.36 g, 0.015 g. atom) cut into 
small pieces was added to it. The mixture was stirred rapidly 
in the beginning and slowly after the reaction had started. 

The progress of the reaction was measured from time to time by 
removal of a small sample of solution from the reaction mixture 
and determination of its sodium content after dilution with 
alcohol, by titration with standard hydrochloric acid using 
methylred as indicator. The reaction was found to be complete 
in about 3 hours. 

(I ) Reaction of Benzyl mercuric chloride with Sodium naphthalene 
at room temperature (30°C) 

(a) With equimolar (0.01 mole) ratio of reactants under 
nitrogen atmosphere for 30 minutes 

In a three-necked 250 ml round bottom flask mounted on 

a magnetic stirrer base and connected with a gas passing 
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adapter and a mercury trap, a slurry of benzyl mercuric chloride 
(3.27 g, 0.01 mol) in 50 ml THF was taken at room temperature 
(30°C) . Pure dry nitrogen gas was passed through the solution 
for 30 minutes under continuous stirring. The sodium naphthalene 
solution (0.01 mol) contained in 50 ml of THF was added gently 
through a pressure equalizing dropping funnel. The mixture 
was stirred for 30 minutes. Mercury precipitated in a green- 
ish grey form was removed by filtration through celite after 
quenching of the reaction mixture with 100 ml of 2% hydro- 
chloric acid. The filtrate was extracted with diethyl ether 
(6 x 75 ml) and the combined extract was washed with water and 
dried over anhydrous Na 2 S0 4 . After filtration, ether solvent 
was evaporated carefully at room temperature under reduced 
pressure. The mixture was concentrated to a volume of approxi- 
mately 50 ml and then analysed by GLC using a 15% SE-30 on 
Crom-P (100-120 M) column of 2 m length. The yield of toluene 
2% and bibenzyl 25% was obtained by comparison of the retention 
times and peak areas with those of authentic samples. The 
solvent was then evaporated off and the solid so obtained was 
shaken vigorously with petroleum ether (b.p. 60-66° C) . The 
petroleum ether insoluble portion was filtered and identified 
as benzyl mercuric chloride ( 2.22 g, 68%). The material 

obtained after removal of petroleum ether from the filtrate 
was chromatographed over silica gel column using petroleum 
ether (b.p. 60-80°C) as eluant. The products thus obtained 
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were: naphthalene (1.088 g, 85%), bibenzyl {^0.20 g, 22%) and 
dibenzyl mercury (<-^0.1 g, 5%). The compounds were characte- 
rized by comparison of IR spectra, mixed melting points and 
th®n layer chromatography. 

(b) With equimocfrlar (o.Ol mol) ratio of reactants under nitrogen 
atmosphere for 360 minutes 

Reaction I (a) was repeated and stirring was carried out 
continuously for six hours. The product distribution determined 
in the same way was: benzyl mercuric chloride (2.03 g, 62%); 
toluene (5%); bibenzyl (27%); bibenzyl mercury (^0.1 g, 5%) ; 
and naphthalene (l.087g, 85%). 

(c) With benzyl mercuric chloride (0.01 mol) and sodium naphtha - 
lene in 1: 2 molar ratio under nitrogen atmosphere for 

30 minutes 

Benzyl mercuric chloride (3.27 g, 0.01 mol) in THF (50 ml) 
was allowed to react with sodium naphthalene (0.02 mol) contained 
in 50 ml of THF under otherwise identical conditions to those 
of experiment I (a). The reaction mixture was worked up as 
usual and product distribution was found to be: benzyl mercuric 
chloride (^ 0.326 g, 70%); toluene (30%); bibenzyl (53%); 
dibenzyl mercury (trace) ; and naphthalene (~2, 30 g, 90%) . 
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(ll) Reaction of Phenyl mercuric chloride with Sodium naphthalene 
at room temperature (30°C) . 

(a) With equimolar (0.01 mol ) ratio of reactants under nitrogen 
atomosphere for 30 minutes 

The reaction of phenylmer curie chloride (3.125 g, 0.01 mol) 
in dry, THF (50 ml) was carried out by adding to it a 50 ml 
solution of sodium naphthalene (0.01 mol) under nitrogen atmos- 
phere at room temperature (30°C) for 30 minutes as in 
Experiment I (a) . Mercury precipitated in a greenish grey form, 
which was removed by filtration through celite after quenching 
of the reaction mixture with 100 ml of 2% hydrochloric acid. 

The product distribution obtained was phenyl mercuric chloride, 
(r*' 1.41 g, 45%); benzene (10%); biphenyl (^5%); diphenyl 
mercury (0.62 g, 35%); and naphthalene (^1.2 g, 90%). 

(b) With equimolar (0.01 mol) ratio of reactants under nitrogen 
atmosphere for 720 minutes 

The above reaction II (a) was repeated under identical 
conditions but continued for 12 hours and worked up as in 
experiment I (a). The product distribution found in this 
reaction was: phenyl mercuric chloride (1.13 g, 36%); benzene 
(13%) ; biphenyl (o' 5%) ; diphenyl mercury (0.71 g, 40%); and 
naphthalene (o' 1.2 g, 90%). 

(c) With phenyl mercuric chloride (0.01 mol) and sodium naphtha- 
lene in 1:2 molar ratio under nitrogen atmosphere for 

30 minutes 

A solution of sodium naphthalene (0.02 mol) in 50 ml THF 
was added to the solution of phenyl mercuric chloride (3.125 g. 
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0.01 mol) and reaction continued under nitrogen atmosphere for 
30 minutes under similar conditions as described under Experiment 
II (a) . The reaction mixture was worked up as in Experiment 
II (a) . The product distribution was phenylmercuric chloride 
(0.31 g, 10%); benzene (35%); biphenyl (^5%); diphenyl mercury 
(0.8 g, 45%); and naphthalene (2.2 g, 87%). 

(Ill) Reaction of Sodium naphthalene with Benzyl mercuric 

chloride in presence of MgBr 2 . Trapping of benzyl anion 

(a) Preparation of MgBr 2 : Magnesium (0.48 g, 0.02 g. atm) and 

THP (25 ml) were taken in a three-necked flask which was 
equipped with a magnetic stirring device, a gas passing 
adapter, a condenser and a pressure equalizing dropping funnel. 
The contents were kept under atmosphere and 1, 2-dibromo- 
ethane (3.8 g, 0.02 mol) was slowly added with the help of 

the dropping funnel. Stirring was continued for an hour during 
which period MgBr 2 precipitated out. 

(b) A solution of benzyl mercuric chloride (3.27 g, 0.01 mol) 

in THP (30 ml) was added to the flask containing MgBr 2 . Reaction 

was carried out with sodium naphthalene (0.01 mol) contained 
in THF (50 ml) as usual, at room temperature and the contents 

of the flask stirred for 15 min, after which a solution of 

benzophenone (1.8 g, 0.01 mol) in 20 ml THF was added. The 
contents of the flask were stirred for 4 hour at room 



temperature. The mixture was then poured into 100 ml, 2% 
hydrochloric acid and was worked up as usual. TLC analysi 
of the product mixture did not give any spot for benzyl 
diphenyl carbinol. 



DISCUSSION 


Reactions of two mercuric salts namely: benzyl mercuric 
chloride (I) , and phenyl mercuric chloride (II) with equimolar 
quantities of sodium naphthalene in THF under nitrogen atmos- 
phere and at room temperature (30°C) for 30 minutes were largely 
incomplete and unreacted mercuric halides recovered were: 

1(68%), and II (45%) . On extending the reaction time more 
mercuric halide reacted in both the cases; but even then, a 
large amount of the mercuric halide was recovered unchanged. 
Mercuric halides (I) and (II) were, therefore, reacted with 
double the quantity of sodium naphthalene under the same condi- 
tions for 30 minutes. Under these conditions the reaction with 
both the mercuric halides was almost complete in 30 minutes. 

The results of our experiments on mercuric halides (i) and (il) 
are summarized in Table 1. 



rH 0 

Q U 
£ 0 
X 

rH pLj 
O 0 
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-rH 0 
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o o 
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The results of experiments with 1:1 molar ratios indicate 
that an excess of sodium naphthalene is required not so much 
for starting the reactions as for forcing these towards comple- 
tion. It is likely that an equilibrium of the type shown in 
Eqn. (32) .is set up on mixing the reactants. This equilibrium 
is far towards the left in presence of lower concentration of 
the electron donor: 

RHgCl + Naph“ ^ — =» jRHgClj “ + Naph .. (32) 

In presence of a large excess of the electron donor, however, 

the equilibrium shifts towards the right side giving high concen- 
tration of the mercuric halide radical anion. The the electron 
transfer from sodium naphthalene to phenyl mercuric halide is 
reversible was established by carrying out a reaction with the 
addition of 200 mol % excess of neutral naphthalene to the 
phenyl mercuric halide (0.005 mol) initially and then reacting 
it with equimolar quantity of sodium naphthalene. Under these 
conditions, 65% of (il) was recovered unchanged after 30 min. 

Isolation of diorganomercurials R-Hg-R, and dimers R-R 
coupled with the precipitation of metallic mercury in our 
experiments leads us the more probable mechanistic pathway 
outlined in Scheme VII: 
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R-Hg‘ + X 

RHg* > R* + Hg° 

2RHg* > R-Hg-R + Hg° 

R* 


R-H 

R-R + Hg° + X" 
RHg* + R* + X~ 




.. (32) 

.. (33) 

.. (34) 

.. (35) 

.. (36) 

.. (37) 

.. (38) 

. . (39) 

. . (40) 

. . (41) 


The bond dissociation energy of RHg', where R = alkyl, 

32 

is very small varying from 0-6 kcal/mol. Therefore the 
decomposition of CgH^CH^Hg* at room temperature can be expected 
to be very rapid as shown in Eqn. (34) . Thus only a small 
amount of di benzyl mercury is obtained and the major reaction 
product is bibenzyl, formed by the coupling of benzyl radicals. 


In the reaction with phenylmercuric chloride, the phHg* 
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radicals formed are quite stable due to the resonance stabiliza- 
tion of the odd electron on mercury. Thus the decomposition of 
PhHg* is not very fast and the major product obtained is diphenyl- 
mercury/ Ph-Hg-Ph. Diorg anomer curi al s may also be obtained by 
reduction of the hypothetical adduct formed between radicals 

o ... 

and the or g anomer curie halide. 

♦ 

R* + RHgCl — ^ [R 2 HgClJ* R 2 Hg + Br~ 

Both phenyl and benzyl radicals would accept an extra 
electron from sodium naphthalene, in our experiments with 1:2 
molar ratio of the reactants, to give the corresponding anion^ 4 
in a major way , as shown in Eqn. (38) . These anions give the 
corresponding hydrocarbons by picking up protons either from 
THF or during work up. They may also attack the starting 
mercuric halides, yielding dimers or may also transfer an 
electron to the starting mercuric halide, as shown in Eqn. (40) 
and (4l) . 

Reaction shown in Eqn. (38) , considerably depletes the 
concentration of naphthalene radical anion reagent. But the 
formation of anions in our experiment with 1:1 molar ratio of 
the two reactants is not likely in view of the results of the 

30 

control experiment conducted by us with ben zylmer curie chloride. 
Thus on reacting ben zylmer curie chloride (0.01 mol) with sodium 

naphthalene (0.01 mol) in the presence of MgBr„ and on subse- 

' r z 

quent reaction with benzophenone, no benzyl diphenyl carbinol 
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was obtained. 

In conclusion, it is our opinion that an electron 
transfer mechanism of the type outlined in Scheme VII nearly 
explains our observations and represents the mechanism valid 
under our experimental conditions* 
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